Abstract: Amodiaquine (AQ), an effective antimalarial drug for uncomplicated malaria, has been greatly restricted after cases of life-threatening agranulocytosis and hepatic toxicity during prophylactic use. We conducted a hospital based open-label randomised clinical trial in 40 indigenous semi-immune healthy adult male volunteers with and without malaria parasites. The objective was to collect data on biological and haematological safety, tolerability, and parasitological efficacy to serve as baseline in the evaluation of the effectiveness of AQ preventive intermittent treatment against malaria morbidity in infants. Volunteers were stratified according to parasitaemia status and randomly assigned 20 participants each arm to three days treatment with either AQ or chloroquine (CQ). The level of difference of selected haematological and hepatological values pre-and post-trial were marginal and within the normal limits. Clinical adverse effects mostly mild and transient were noticed in 33.3% CQ treated-aparasitaemic, 23.8% of CQ treated-parasitaemic, 28.6% of AQ-treated parasitaemic and 14.3% of aparasitaemic receiving AQ. Amodiaquine attained 100% parasitological clearance rate versus 70% in CQ-treated volunteers. The findings indicate that there was no agranulocytosis or hepatic toxicity suggesting that AQ may pose no public health risk in its wide therapeutic dosage uses. Larger studies are needed to exclude rare adverse effects. _________________________________________________________________________________________
Introduction
Amodiaquine (AQ) is currently among potent blood schizonticide 4-aminoquinoline drugs available for treatment of uncomplicated malaria (Olliaro et al., 1996) , and is a possible candidate for preventive intermittent treatment. Preventive intermittent treatment is a recent strategy that is considered an opportune and cost-effective control measure for combating malaria in infants in malaria endemic countries (WHO, 1998) .
Since its discovery in 1940's (Greenwood, 1995) , AQ established a good safety reputation and was used extensively for chemotherapy in malaria as an alternative to chloroquine (CQ) or to treat CQ failures as well as for chemoprophylaxis in non-immune travellers visiting malarious endemic countries (Hatton et al., 1986) . Amodiaquine when used for prophylaxis in non-immune travellers may induce toxic hepatic and potential lethal agranulocytosis (Hatton et al., 1986 , Larrey et al., 1986 , CDC, 1986 . However, chemotherapeutic studies have uniformly indicated that AQ when given in doses required for treatment is efficacious both without serious haematological life threatening adverse effects (Mengesha & Makonne, 1999) , and with no potential biological toxicity associated with liver or kidney functions (Brasseur et al., 1999) .
The risk of severe hepatic disorders and agranulocytosis to AQ curtailed its use for chemoprophylaxis and chemotherapy (WHO, 1990) , but a systematic review doubted about toxicity for chemotherapeutic use (Olliaro et al., 1996) . Accordingly, Nevill et al. (1994) suggested that the restriction to contraindicate AQ for chemotherapy was decided prematurely: published, peer-reviewed data unquestionably verifying its toxicity in chemotherapeutic dosage were lacking. This is strongly supported by Breckenridge & Winstanley, (1997) who emphasize that AQ in therapeutic doses is usually free from toxic effects.
Despite considerable ample body of literature on efficacy and safety in treating uncomplicated falciparum Biological and haematological safety profile of oral amodiaquine and chloroquine in healthy volunteers with or without Plasmodium falciparum infection in northeast Tanzania malaria in African children (Nevill et al., 1994 , Brasseur et al., 1999 , Mengesha & Makonne, 1999 , there is dearth of data on safety of AQ in healthy Tanzanian population. Since AQ will be administered to apparently healthy infants in attempt to protect them against malaria morbidity, a careful risk-benefit assessment is required to ensure that the toxicity of AQ does not outweigh the risk of acquiring malaria. The pharmacokinetics profile of orally administered AQ in malaria patients and healthy volunteers has shown to be similar (Krishna & White, 1996) ; but in a recent pharmacological study of AQ combined with artesunate undertaken in South Africa, showed increased levels of liver transaminases in a normal volunteer (Orrell et al., 2001) . Therefore, we conducted a hospital based open-label randomised clinical trial to evaluate safety, tolerability and efficacy of AQ in semi-immune indigenous adult healthy volunteers with and without Plasmodium falciparum infection in Tanzania. These results were valuable before a study of preventive intermittent treatment with AQ in infants (Massaga et al., 2003) .
Material and Methods

Study subjects
Healthy male volunteers were recruited as part of a study on preventive intermittent treatment in infants. Volunteers were judged to be healthy on the basis of standard haematological and biochemical tests as well as full history and complete medical examinations. Volunteers also were required to be aged between 15 and 45 years, malaria parasite negative or positive asymptomatic, no history of fever, free from medication including intake of antimalarials for the past four weeks, and without history of congenital abnormalities or chronic and severe diseases. Volunteers were excluded if they had contraindication for the use of test drugs especially previous history of sore throat with AQ.
Study design
This study was an open-label randomised clinical trial in which volunteers received either AQ or CQ. Volunteers were stratified into two groups of malaria parasite positive and malaria parasite negative. In each stratum randomisation lists were produced, and volunteers were individually randomised to receive either AQ (treatment) or CQ (control). An individual that was unconnected with the study did randomisation and drug administration. Volunteers were weighed and evenly received oral standard recommended doses (25mg base/kg body weight for consecutive three days) of either AQ or CQ and all drug administration were supervised and observed for 30 minutes. Both AQ (200mg base) and CQ (150mg base) were obtained from a pharmaceutical supplier in Tanga, Tanzania and the drugs were product from Nemi Pharma Prt Ltd, Mumbai, India. Drug administration was done in the evening after a light meal, and time of dosing for each volunteer was recorded. There were no concomitant medications or non-drug therapy taken or administered during the study. Consumption of alcoholic beverages were avoided a day before taking the test drug and during the 8 days of the study. The study was single blind in that clinicians conducting clinical evaluation and technologists were not informed of the group allocation. The study was carried out at Bombo Tanga Regional Hospital where volunteers were hospitalised for eight days to allow close monitoring of side effects and regularly followed till day 15 after commencing treatment.
Assessment of biochemical, haematological and clinical adverse effects
Five ml of venous blood were collected by venepuncture into tubes containing EDTA at days 0, 3 and 7 for biochemical tests, parasitaemia and haematological indices. Biochemical tests included serum alanine aminotransferase (ALT), asparate aminotransferase (AST), creatinine and total bilirubin. Blood smears were immediately stained with Giemsa and read under microscope for malaria parasite identification and enumeration. Total white blood cells and differentials were determined using Neubauer haematocytometer kit (Roth, Karlsruhe, Germany) and microscopic examination of thin blood films, respectively. Packed cell volume (PCV) was measured using a micro-haematocrit centrifuge.
Clinical evaluation was done by one of investigators (JPL) every twelve hours and information was recorded on a standard form. The evaluation included assessment of vital signs (supine blood pressure, pulse and respiration rate, and axillary temperature). Chest and abdomen were also examined. The occurrence of clinical adverse effects, including those volunteered by patients and those elicited by general questioning, and abnormalities in safety laboratory tests during treatment were documented.
Data analysis
All information was transferred onto a database using Epi Info 6.04b. After cleaning, the file was imported into SPSS 10.0 (SPSS, Chicago, Illinois, USA) statistical package for analysis. Statistical tests used included χ 2 for categorical variables and are presented as numbers and percentages. A one-way analysis of variance (ANOVA) and Tukey's honestly significant difference statistical analyses were employed to compare the differences in mean changes between baseline and values at the end of the study.
Ethical consideration
The study protocol was approved by the Medical Research Coordinating Committee of the National Institute for Medical Research, Tanzania. All volunteers gave oral consent to participate in the study following explanation of the aim and conduct of the study.
Results
Biological characteristics of the subjects
The trial consisted of 40 male volunteers whose ages ranged from 16 to 45 years (mean age 24.7 ± 7.41 years), and all completed the eight days follow-up. Volunteers had no history of significant diseases or a clinical history that was expected to affect the results of the study. At baseline, the four groups were found to be homogenous in demographic, biochemical, clinical and haematological parameters except for parasitaemia status as two groups were malaria parasite negative. Four volunteers had neutrophil counts slightly below the lower limit of which one belonged in parasitaemic group receiving CQ, two and one in parasitaemic and aparasitaemeic groups receiving AQ respectively. Four volunteers had slightly elevated serum total bilirubin three in CQ-treated parasitaemic and one from CQtreated aparasitaemic group (Table 1) . Haematological adverse effects There were no significant changes from pre-trial within and between the treatment groups, but five (12.5%) volunteers had neutrophil counts below the lower limit of 2.5x10 9 , of whom two were from malaria parasite negative receiving AQ, two from malaria parasite negative volunteers receiving CQ and one from parasite positive receiving CQ (Table 2 ). Comparing to pre-trial counts, among those with low counts, the reduction in absolute counts ranged between 0.3 and 0.5x10 9 in AQ recipients and 0.1 to 0.2x10 9 for those receiving CQ. The paired pre-and post-trial for other cell counts among the four groups were comparable between AQ and CQ treatment groups and were within normal ranges. 
Biological adverse effects
The major biological parameters were not significantly altered during the treatment in all four groups (Table  2) . Liver function tests showed a slight decrease in AST and an increase ALT values post-trial, but no case had the values below or above the limit values (lower limit for AST 15.0IU/L; upper limit 30.0IU/L for ALT). Total bilirubin level exceeded 20.5 μmol/L in 7 (17.5%) volunteers, of which 3 were malaria parasite positive receiving CQ, 2 from malaria parasite negative receiving CQ and 1 in each group treated with AQ. The level was slightly higher in malaria parasite negative, both those receiving AQ, 7.2 µmol/L, and those on CQ 6.5 μmol/L. Renal function tests showed no significant change in plasma creatinine post-trial in all four groups, but one malaria parasite negative volunteer receiving CQ had elevated value on day 3 reaching 136µmol/l (10µmol/L above the normal value). Other biological and haematological values were normal. The value was within normal (92µmol/L) on day 7.
Clinical adverse effects
Twenty-one (52.5%) volunteers experienced 48 possible adverse effects (Table 3) . Adverse effects first appeared about 12hrs after instituting therapy, and most of these were mild, transient requiring no medication and lasting not more than 12hrs. The adverse reactions rate did not significantly differ among the four groups but were frequently observed with CQ groups 12 (57.1%) versus AQ groups 9 (42.9%), P=0.527. Overall, malaria negative volunteers receiving CQ had experienced more adverse effects comparing to other groups at a rate of 7 (33.3%). The rates of occurrence in other treatment groups were 5 (23.8%) for CQ-treated malaria parasite positive, 6 (28.6%) for AQ-treated malaria positive and 3 (14.3%) for AQ-treated malaria negative group. The reaction observed or reported included gastrointestinal (abdominal) discomfort particularly nausea. Overall, the relative risk (RR) of developing abdominal discomfort with AQ treatment was 0.67 demonstrating statistically insignificant equivalence [95% confidence interval (CI), 0.22, 2.01]. Other reactions included general body malaise and headache. Fever was reported in 5 (12.5%) volunteers, but measured temperature in fever complainants ranged between 36.1°C and 37.0°C. There was no trend in blood pressure readings without clinical relevance, but remained within normal range and no other abnormal findings for objective signs including pulse rate and respiration rate were found. Positive Volunteers n=10
Abdominal discomfort 10 (25.0) 1 (10) 5 (50) 1 (10) 
Outcome measures of efficacy
Overall therapeutic responses among malaria parasite positive groups were good. In AQ group all 10 volunteers responded favourably to treatment. By day 3, only one (10%) remained positive, with geometric mean parasite density (GMPD) of 40 asexual parasites per µl. A rapid decline in level of parasitaemia was observed in all volunteers. On day 7 of follow-up, all volunteers were free of asexual parasites. In contrast, 4 (40%) in a group receiving CQ, geometric mean parasite density (GMPD) 69 parasites/μl, (range, 40 -120 parasite/μl) were parasite positive on day 3 post-dosing. At day 7, three (30%) of the volunteers remained positive and GMPD increased reaching 600 parasites/µl. All groups experienced increased mean PCV value between pre-and post trial, but the difference was not significant. The values at day 7 were 40.1 (95% CI, 37.7 -42.5), 38.7 (95% CI, 37.5 -39.8), 41.1 (95% CI, 39.5 -42.7) and 39.1 (95% CI, 38.1 -40.1) for CQ-malaria negative, CQ-malaria positive, AQ-malaria parasite negative and AQ-malaria parasite positive group, respectively. The largest increase was found in malaria positive which received AQ (1.9%), followed by malaria negative group receiving AQ (0.9%), and malaria positive treated with CQ (0.7%). The increase was smallest in malaria negative which received CQ (0.5%).
Discussion
Throughout the entire study, no major serious abnormalities attributable to AQ were observed. There were no abnormal vital signs and no significant changes in values of laboratory biological and haematological tests. The results from this study therefore provide extended safety profile described in a previous chemotherapeutic study (Olliaro et al., 1996) . In general, the frequencies of AQ-mediated serious toxicity are exceedingly rare among chemoprophylatic users (Hatton et al. 1986; Phillips-Howard & West 1990) . From epidemiological point of view, large sample size post-marketing surveillance studies would be required to detect such rare incidences. Nevertheless, despite a small sample size in the present study neither agranulocytosis nor liver toxicity fatal case was observed in AQ treated subjects. Similar observations have been reported elsewhere (Breckenridge & Winstanley, 1997) . Full resolution of laboratory abnormalities was observed in all cases of mild abnormalities within seven days post trial. The results from our study offer supportive evidence of the extremely low prospect of toxic adverse reactions that might occur during the wide use of AQ.
Comparison of clinical adverse effects in our study suggests that all treatment regimens were equally well tolerated. The most frequent adverse effect reported was gastrointestinal toxicity (nausea) among CQ recipients. A similar relatively high gastrointestinal toxicity has been observed in malaria patients treated with CQ in central and west Africa (Brasseur et al., 1999) . Low gastrointestinal toxicity can be of particular importance for patients receiving chemotherapy, as many chemotherapeutic agents induce nausea and vomiting. Less frequent gastrointestinal adverse drug effects in volunteers receiving AQ are an important advantage that should be taken into account when preventive intermittent AQ treatment is implemented.
Changes in renal and hepatic biochemical makers were not clinically significant between AQ-and CQtreated volunteers either with or without parasitaemia. The findings are in contrast with recent results where AST and ALT levels were elevated following two doses of AQ combined with artesunate, and AQ was incriminated for the outcome (Orrell et al., 2001) . Although total serum bilirubin was elevated, in none of the cases had jaundice (the main characteristic presentation) (Larrey et al., 1986) . The level of increase was mild and jaundice clinical presentation was unexpected based upon pre-clinical studies and previous experience with amodiaquine (Greenwood, 1995) . A non-serious de-cline in neutrophils counts in 12.5% of volunteers was observed. However, the values were only marginally below the normal range. In agranulocytosis, neutrophils counts should be below than 0.5x10 9 /l (normal range 2.5-7.7x10 9 /l) while other cell counts are normal (Silverthon, 1998) . The absolute number of neutrophils diminished slightly more in the AQ group compared with CQ groups, but variation was mild suggesting that the differences between the groups were not of clinical significance. Our findings are consistent with results from previous chemotherapeutic studies (Nevill et al., 1994; Olliaro et al., 1996; Brasseur et al., 1999; Mengesha & Makonne, 1999) , which demonstrated that AQ given at therapeutic dosage exhibits no life-threatening toxicity. It appears that the reason of increasing risk of life-threatening agranulocytosis and hepatic toxicity during AQ prophylactic administration (Hatton et al., 1986; CDC, 1986; Phillips-Howard & West 1990 ) is a result of doseindependent hypersensitivity reactions (Hatton et al., 1986) . Besides cell-mediated reaction, it is conceivable that excessive uncontrolled use of AQ (Kennedy, 1955 , Booth et al., 1967 or concomitant administration of AQ with other antimalarial drugs expressing similar profile such as sulfadoxine/pyrimethamine (SP) or proguanil (CDC, 1986) could be a problem.
In the current study we evaluated a single full course of AQ as opposed to repeated therapeutic courses to be adopted during preventive intermittent treatment. Because susceptibility of toxic serious adverse effects depends crucially on frequency intake, in this context, it is reasonable to speculate that the scheduled administration with spaced interval (e.g. 60 days during the planned study) preventive intermittent treatment will present no risks as a result of accumulation or carry-over effect of the drug. This assumption is based on clear evidence from pharmacokinetic studies indicating that the terminal elimination half-life of AQ is not longer than three weeks (Krishna & White, 1996) . Although the risks of serious toxic effects are considered to be much lower in therapeutic dosage, careful monitoring is important as the possibilities of toxicity in clinical practices cannot be excluded.
Amodiaquine achieved 100% parasitological clearance by day 7. These results were not unexpected, as AQ has demonstrated to be superior to CQ and SP in the study area for treating uncomplicated malaria (MoH, 2000) . The parasitological efficacy of AQ in asymptomatic volunteers in this study is of prospective importance for preventive intermittent treatment strategy, because it is likely that population harbouring malaria parasite, will have their parasitaemia cleared and subsequently protected from malaria clinical attack. Furthermore, data from chemotherapeutic studies of uncomplicated malaria indicate that treatment with an effective antimalarial drug results in significant haematocrit recovery (Nevill et al., 1994) . In the present study a marginal gain in PCV values was observed. Malaria positive volunteers in both drugs gained much more than the aparasitaemic and the improvement was slightly pronounced in volunteers receiving AQ. This phenomenon provides more beneficial support of using AQ in preventive intermittent treatment strategy.
In conclusion the results from our study demonstrate that in chemotherapeutic dosage AQ did not induce serious life-threatening haematological adverse effects or liver toxicity; it was tolerable and efficacious against P. falciparum supporting the idea of using AQ for preventive intermittent treatment strategy.
